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Thermal neutron activation analyses were carried out for various space

systems components to determine gamma radiation dose rates and food radiation

contamination levels. The space systems components selected were those for which

previous radiation studies existed. These include: manned space vehicle radiation

shielding, lunar habitat regolith shielding, liquid hydrogen propellant tanks for a

Mars mission, and food supply used as space vehicle radiation shielding.

The computational method used is based on the fast neutron distribution

generated by the BRYNTRN and HZETRN transport codes for GCR at solar

minimum conditions and intense solar flares in space systems components. Fast

neutrons slow down to thermal energies and their transport is assumed to be

described satisfactorily by thermal neutron diffusion theory. Thermal neutron

losses due to capture in (n, T), (n,a) and (n,p) reactions is accounted for in a set of

neutron activation differential equations which describes the formation of the

radioactive isotopes. In shielding analysis only the (n,T) reaction is considered, and

prompt as well as delayed gamma rays are induded in the volumetric radiation

sources.

The gamma dose rates for soft tissue are calculated for water and aluminum

space vehicle slab shields considering volumetric source self-attenuation and

exponential buildup factors. In the case of the lunar habitat with regolith shielding

a completely exposed spherical habitat was assumed for mathematical convenience

and conservative calculations. Table I summarizes the gamma dose rates for the

various space systems analyzed, and for comparison purposes the GCR and solar

flares dose rates for the same components are given. Note that the gamma dose

rates in all cases is not very significant.

Activation analysis of food supply used as radiation shielding is presented for

four selected nutrients: potassium, calcium, sodium, and phosphorus. Radioactive

isotopes that could represent a health hazard if ingested are identified and their

concentrations determined. The results are presented in Tables II and HI. For

nutrients soluble in water it was found that all induced radioactivity was below the

accepted maximum permissible concentrations.

181



References

lo

.

,

4.

°

.

.

.

Simonsen, L. C. ; and Nealy, J. E.; 1991: Radiation Protection for Human Missions
to the Moon and Mars. NASA-TP 3079.

Townsend, L. W.; Neaiy, J. E.; Wilson, J. W.; and Simonsen, L. C.; 1990: Estimates

of Galactic Cosmic Ray Shielding Requirements During Solar Minimum.
NASA-TM 4167.

Chilton, A. B.; et al.; C1984: Principles of Radiation Shielding, Prentice-Hall, Inc.

Sauer, H. H.; Zwickl, R. D., Ness, M. J. 1990: Summary Data for the Solar Energetic

Particle Events of August through December 1989. Space Environment Lab,

National Oceanic and Atmospheric Adm., Feb. 21.

Nealy, J. E.; Wilson, J. N.; and Townsend, L. W., 1989: Preliminary Analyses of

Space Radiation Protection for Lunar Base Surface Systems. SAE Tech. Paper

set. 891487, July

Nealy, J. E., et al.; Quails, G. D.; Schnitzler, B. G.; and Gates, M. M.: Radiation

Exposure and Dose Estimates for a Nuclear Powered Manned Mars Sprint

Mission; 8th Symposium on Space Nuclear Power Systems, Jan 1991.

Weast, R. C.; CRC Handbook of Chemistry and Physics, 68th Edition, 1987-1988,
CRC Press.

Chart of the Nuclides; Knolls Atomic Power Laboratory; General Electric Corp.;

Naval Reactors; U. S. Department of Energy, 13th Edition, 1983.

182



183



0

(O

0

Z

-r x _ _ _

8 8 8 8 8

•It .W

184



0

ll I'--

I- r_

.C 0
I--. ¢_

IR

W W

m

0 _
• -- (_

e_

o
¢_..,

.Z
m

m

;8,10

A

O

8

d-
=t.

v

O

m

!1_

-t

A

Q

0

0

I

II

_3
Z

185

|
0

O}
|
0

X

|

('W

Z

E

0
f_

|

0

|
0

|
0

(,}
Q.

0

0

D.

C
II

I

I

0
r4
(4

II

L_

C

0
tl_

_3
(4
0

>¢

I

c_

_c


